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DRUG THERAPY OF MIGRAINE 
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MIGRAINE is an episodic headache that is uni- 
lateral or bilateral, pulsating in quality, moder- 
ate to severe in intensity, and exacerbated by physical 
activity. Associated symptoms include nausea or vom- 
iting, photophobia, and phonophobia. The disorder is 
classified as migraine with aura (previously called 
classic migraine) and migraine without aura (pre- 
viously called common migraine), according to the 
presence or absence, respectively, of premonitory neu- 
rologic symptoms.* 

The pathophysiology of migraine is clearly related 
to disordered brain physiology, although neither the 
details nor the cause is known. The positive (stimula- 
tive) followed by negative (suppressive) neurologic 
symptoms of the aura and the slow spread of the neu- 
rologic deficit may be caused by spreading depression, 
a cortical neuronal event that can be elicited in ani- 
mals by the application of potassium or glutamate %o 
the brain.^'* In the past, the aura of migraine was 
attributed to cerebral vasospasm — a hypothesis for 
which there is still some support.^ Head pain is attrib- 
uted to activation of the trigeminovascular system.® 

The goals of migraine trcatmpt are amelioration of 
the symptoms of an acute attack and prevention of 
further attacks, either by behavioral or pharmacologic 
|neans.' The behavioral approach commonly involves 
regular s leep and meals and avoidance of initiating^ 
factors. Family- or work-related stress and emotional 
problems, which are frequently unavoidable, are best 
managed by various methods for coping with stress 
and by relaxation techniques.® 

Determining the appropriate drug therapy for mi- 
graine is difficult. Distinguishing between migraine 
without aura and episodic tension headache is difficult 
and it is uncertain whether migraine with aura and 
migraine without aura are the same disorder as far as 
treatment is concerned. Interpretation of the results of 
therapeutic trials is complicated by a high rate of re- 
sponse to placebo, difficulties in measuring pain, and 
variability in the severity of attacks and associated 
symptoms. Many early trials were not conducted with 
the rigor that characterizes contemporary studies.^ 

Symptomatic Treatment of Acute Migraine 
Analgesic Drugs 

Aspirin, acetaminophen, propoxyphene, and co- 
deine'°''^ are all superior to placebo in relieving the 
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pain of migraine (Table 1). Effervescent formulations 
are more effective because they are absorbed more 
rapidly.'^ Because gastric stasis often accompanies mi- 
graine attacks, metoclopramide, a drug that increases 
gut motility and promotes gastric emptying, enhances 
the effectiveness of analgesic drugs J** Metoclopramide 
should not be used in adolescents, however, because it 
can cause dystonia, and it should be used sparingly in 
adults for the same reason. When nausea and vomit- 
ing are prominent, suppository preparations of both 
analgesic and antiemetic drugs can be given. The most 
commonly prescribed antiemetic drugs are perphena- 
zine, prochlorperazine, and chlorpromazine. These 
drugs occasionally cause tardive dyskinesia, however, 
which may be irreversible, and patients should be in- 
formed of this risk before beginning treatment. 

Two types of combined medications are often used 
in the treatment of migraine: isometheptene in combi- 
nation with acetaminophen and dichloralphenazone 
(Midrin) and aspirin in combination with caffeine and 
butalbital (Fiorinal). Both combinations have addic- 
tive potential and a propensity to induce headache.^ 
There is no evidence that these preparations are more 
effective than other analgesics. Fiorinal has been ap- 
proved by the Food and Drug Administration (FDA) 
only for the treatment of tension headache. The FDA 
has classified Midrin as only possibly effective for mi- 
graine attacks. Nevertheless, these preparations may 
be effective in treating patients v^hose attacks do not 
respond to other analgesic drugs. 

Major narcotic analgesic drugs, particularly meper- 
idine, are used for emergency treatment of migraine 
attacks. The use of meperidine should be limited to 
patients who have severe infrequent attacks that do 
not respond to antimigraine preparations or patients 
in whoni antimigraine drugs are contraindicated (e.g., 
-those-with-peripheraWascutar or coronary artery dis^ 
ease and pregnant women). 

Nonsteroidal Antiinflammatory Drugs 

Nonsteroidal antiinflammatory drugs can be the 
first choice of treatment for patients with mild-to- 
moderately-severe migraine attacks. In a randomized, 
placebo-controlled, double-blind study, naproxen re- 
duced the severity and duration of headache and 
photophobia in patients without aura.*^ In a random- 
ized, parallel-group trial in which naproxen was com- 
pared with ergotamine,'® naproxen was more effective 
in reducing the severity of headache, nausea, vomit- 
ing, and lightheadedness, but not in reducing the 
duration of the migraine attack. Naproxen does not 
always relieve vomiting.*^ In controlled trials, aspirin 
in oral doses of 500 mg also reduced pain in pa- 
tients with acute migraine,'* and intravenous adminis- 
tration of aspirin ameliorated acute migraine within . 
30 minutes in an uncontrolled trial.*' Other effec- 
tive nonsteroidal antiinflammatory drugs arc listed in 
Table IJ®" Metoclopramide used in combination 
with these drugs speeds their absorption and amelio- 
rates nausea and vomiting, which a nonsteroidal an- 
tiinflammatory drug used alone may not reduce. 
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Recommended 



TIME TO Peak 
Plasma Con* 



Type op Drug 


Dosage (mg) 


Refeii»ices 


CENTRATION (HE) 


Antflgcsic 








Aspirin 


500-650 


Tfelt-Hanscn and Olesen»'^ Hakkarainen et al.'^'^ 


1 


Acciaininophcn 


500 


Peatfield et al." 


1 
1 


Propoxyphene 


65 


Hakkarainen etal.'^ '^ 


1 


Codeine 


60 


Somervllle" 


1 


NSAID 








Naproxen sodium 


750-825 


Johnson et al..*^ Pradalier et a!.,*^ Nestvold et al.'^ 


1-2 


Tolfenamic acid 


200^400 


Larsen et al." 


1-2 


Flufenamic acid 


250-400 


Carasso ct al.'* 


1-2 


Mefenamic acid 


500 


PcatAeldetal." 


1-2 


Flufbiprofen 


300 


Awidi^ 


1-2 


Diclofenac sodium 


50-IOO 


Karachalios et al.^* \ 


1-2 


Ibuprofen 


200 


Klostcr ct ai." 


1-2 


Ketorolac 


30-60 


Klapper and Stanton^^ 


0.5-1 


(intramuscular) 






5-HT agonist 








Ergotamine 








Oral 


2-4 


Hakkarainen et ai..*^" Sclby and Lance.*^ 
Schmidt and Fanchamps.^ Hakkarainen and 


1-2 












AUonen" 




Suppository 


2 


Selby and Lance^ 


0.5-2 


Sublingual 


2-4 


Sclby and Lance^ 


? 


Dihydroergotamine 






Subcutaneous 


0.75-1 


Callaham and Raskin,^ Saadah,^' 
Belgrade ct al.^» 


0.25-0.5 


Sumatriptan 








Subcutaneous 


6 


Subcutaneous Sumatriptan International Study 
Group,^ Sumatriptan Auto-Injector Study 
Group," Cady et al;" 


0.25 


Oral 


too 


Oral Sumatripitan International Multiple-Dose Study 
Group." Anderson,^ Multinational Oral 
Sumatriptan and Cafergot Comparative 
Study Group. Oral Sumatriptan and 
Aspirin plus Metoclopramide 
Comparative Study Group'^ 


1.5 



Dopamine antagonist 
Metoclopramide 

(intravenous) 
Chlorpromazine 

(intravenous) 
Prochlorperazine 
(intravenous) 



10 

0. 1 mg/kg of 
body weight 
10 



Tek et al." 
Lane et al.^?" 
Jones et al.*' 



<0.25 
<0.25 
<0.25 



Imforta>4T Side EfFEcn 



Dyspepsia; GI hemonhage 

I^spepsia 

Addiction 

Addiction, constipation 

Dyspepsia. GI hemonhage 
Same' as for naproxen 
Same as for naproxen 
Same as for naproxen 
Same as for naproxen 
Same as for naproxen 
Same as for naproxen 
Same as for naproxen, 
plus asthma 



Nausea, vomiting, abdomi- 
nal pain, diarrhea, 
muscle cramps, 
limb paresthesia, 
vasoconstriction 

Same as for ergotamine 
but less severe 

Rushing, heat, tingling, 
neck pain, chest 
heaviness, pressure, 
pain 



Dystonia 

Tardive dyskinesia 
Tardive dyskinesia 



*GI (Jenoies gascioiotcstinal, and NSAID nonsteroidal antiinflamniaiory drug. 



Ketorolac, the first of these drugs available for par- 
enteral administration in the United States, can be 
used for emergency treatment of severe migraine at- 
tacks complicated by vomiting, although the drug is 
less effective than other parenteral antimigraine prep- 
arations.-^ No studies have examined the relative effi- 
cacy of the various classes of nonsteroidal antiinflam- 
matory drugs with respect to their antiinflammatory 
or analgesic properties. Furthermore, whether the in- 
efficacy of one class^ suggests the ineflicacy of an- 
other is not known, despite the customary practice of 
changing from one class to another if the first proves 
inefTective* 

The* proposed explanation for the effectiveness of 
the drugs that inhibit prostaglandin synthesis is 
that they prevent neurogenically mediated inflamma- 
tion in the trigeminovascular system.^^ Prostaglandin- 
induced hyperalgesia can last for hours, although 
prostaglandins have a half-life of minutes,^^ Prosta- 
glandins, apparently activate secondary mechanisms 



that remain active long after the prostaglandins have 
been catabolized. This may explain why prostaglan- 
din inhibitors are less effective when treatment of a 
migraine attack is delayed and why headache is often 
not completely relieved. Prostaglandin inhibitors may 
also interfere with serotonin neurotransmission and 
modulate vasoconstriction.** 

Ergot Preparations 

For many years, ergotamine tartrate was the drug 
of choice for treatment of moderate-to-severe mi- 
graine attacks. In controlled trials, ergotamine has 
proved to be effective in no more than 50 percent of 
patients when given orally, sublingually, rectally, or 
nasally.^* The addition of caffeine to ergotamine en- 
hances its absorption^^ and possibly its vasoconstric- 
tive activity. Because absorption of ergotamine and 
related drugs is variable, they should be given by a 
route that is acceptable to the patient, and the doses 
should be increased to a single effective dose as early 



1478 



THE NEW ENGLAND JOURNAL OF MEDICINE 



Nov. 11, 1993 



as possible in subsequent attacks. Ergotamine is best 
absorbed rectally. Metoclopramide may improve the 
absorption of ergotamine administered orally.^^ An 
antiemetic drug (best given by means of a supposi- 
tory) may be needed with ergotamine. Since it has 
vasoconstrictor actions and can cause ischemia, ergot- 
amine is contraindicated in patients with coronary ar- 
tery or peripheral vascular disease. The side effects are 
listed in Table 1. 

Dihydroergotamine, which is available for parenter- 
al use in the United States, is effective in treating 
migraine attacks, although it has not been studied in 
large numbers of patients. Up to 90 percent of attacks 
stopped when the drug was given intravenously in 
trials,^^'^® but up to 26 percent of patients required 
additional doses because of recurrent headache.^® 
In these trials, dihydroergotamine was given in com- 
bination with a phenothiazine, which is also bene- 
ficial when used alone.^^ Dihydroergotamine is su- 
perior both to meperidine plus hydroxyzine and to 
butorphanol.^^ Patients can be instructed to give 
themselves dihydroergotamine subcutaneously. The 
drug is a vasoconstrictor and should therefore not 
be given to patients with vascular disease. The side 
effects of dihydroergotamine are similar to those 
of ergotamine. 

Sumatriptan 

Sumatriptan is a serotonin (5-hydroxytryptamine 
[5-HT]) -receptor agonist that has recently been 
proved effective in treating migraine and is now avail- 
able in the United States for that purpose. As of 
March 1992, a total of 48,452 attacks of migraine had 
been treated with sumatriptan in 10,502 patients.^^ At 
the recommended dose of 6 mg given subcutaneously 
or 100 mg given orally, peak plasma concentrations of 
sum atriptan arc achieved at 10 mi nutes (72^/xg_pp.r_ 
liter) and 1.5 hours (54 fig per liter), respectively,^ 
The bioavailability is over 90 percent after subcutane- 
ous administration but only 14 percent after oral ad- 
ministration. From 14 to 21 percent of sumatriptan in 
plasma is protein-bound. The drug is transformed in 
the liver to an inactive indoleacetic acid metabolite 
that is excreted predominantly in the urine, although 
oral administration increases fecal excretion. The 
elimination half-life of sumatriptan is approximately 
two hours. 

Sumatriptan is effective when administered subcu- 
taneously during an attack of migraine. In three trials, 
one of which involved self-administration of the drug, 
a subcutaneous dose of 6 mg resulted in improvement 
in 70 to 77 percent of patients within one hour after 
treatment and in 81 to 86 percent within two hours 
after treatment.^° " Nausea and vomiting were re- 
lieved in most patients within one to two hours after 
treatment, and the need for other analgesic medica- 
tions was gready reduced in the patients treated with 
sumatriptan, as compared with those receiving pla- 
cebo (12 to 20 percent vs. 44 to 61 percent, respective- 
ly). A routine second subcutaneous injection of suma- 
triptan one hour after the first did not improve the 



outcome. Headache recurred in 38 to 46 percent of 
patients within 24 hours, probably because of the 
short half-life of the drug. 

When sumatriptan was given orally in 100-mg 
doses, 75 percent of patients reported relief of head- 
ache and other symptoms within four hours.^^ Head- 
ache recurred, however, within 24 to 48 hours in up to 
44 percent of patients, although it was treated effec- 
tively in up to 74 percent of patients by a second 100- 
mg dose.^* Oral sumatriptan was more effective in re- 
lieving headache than either ergotamine plus caffeine 
or aspirin plus metoclopramide, but the rate of recur- 
rence was higher with sumatriptan.^**^ In relieving 
nausea and vomiting, sumatriptan was more effective 
than ergotamine and was as effective as aspirin with 
metoclopramide. 

The side effects of subcutaneous and oral sumatrip- 
tan are generally similar. Most side effects are mild to 
moderate in intensity, are short-lived, resolve sponta- 
neously, and do not change with repeated use of the 
drug. The most common side effects are reaction at 
the injection site after subcutaneous administration; 
sensations of flushing, heat, and tingling; and neck 
pain with stiffness (Table 1). Three to 5 percent of 
patients have chest tightness, heaviness, pressure, or 
pain. In some patients, the chest pressure or pain radi- 
ates to the left arm and hand, suggesting angina pec- 
toris,*' but electrocardiographic evidence of myo- 
cardial ischemia is rare. To date, with reports on over 
3 million attacks treated with sumatriptan, only 4 pa- 
tients have had myocardial ischemia due to coronary 
vasospasm, 1 of whom also had cardiac arrhyth- 
mia*^-^ (1 case on file with Glaxo, the manufacturer). 
All four patients had underlying cardiovascular dis- 
ease. Myocardial infarction was reported in a 47-year- 
old woman with no history of coronary artery dis- 
-easeT^Sumatriptan-does constrict coronary arteries,"" 
but the effect is minor; 10 patients undergoing diag- 
nostic coronary angiography had a 14 percent reduc- 
tion in the diameter of the coronary arteries," Exten- 
sive monitoring in 2500 padents and normal subjects 
given sumatriptan revealed no relation between chest 
symptoms and myocardial ischemia,*^ even though 
some patients had chest symptoms again when rechal- 
lenged with the drug.** The cause of the chest symp- 
toms is uncertain, but in rare cases coronary vaso- 
spasm has undoubtedly occurred. 

The first dose of sumatriptan should probably be 
given under medical supervision to those patients who 
are likely to have unrecognized coronary artery dis- . 
ease, such as postmenopausal women, men over 40 
years of age, and patients with risk factors for coro- 
nary vascular disease. The drug is contraindicated in 
patients with a history of myocardial infarction, 
symptomatic ischemic heart disease, Prinzmetal's an- 
gina, or hypertension. Sumatriptan should not be 
used with ergotamine preparations or vasoconstrictor 
drugs in general, nor should it be used when methyser- 
gide has been prescribed for prevention of migraine, 
because mcthysergide also has vasoconstrictor proper- 
ties. In view of the theoretical concern about the 
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"serotonin syndrome" (restlessness, myoclonus, hy- 
perreflexia, diaphoresis, and tremors) and limited 
data on coadministration, some regulatory authorities 
have stipulated that sumatriptan not be given to pa- 
tients receiving monoamine oxidase-inhibitor drugs, 
specific 5-HT-reuptake inhibitors, or lithium carbon- 
ate. Sumatriptan is not indicated for prophylaxis of 
migraine. 

Mechanisms of Action of Sumatriptan and Ergotamine 

Currently, four classes of 5-HT receptor are recog- 
nized: 5-HT„ 5-HT2, 5-HT3, and S-HT^." Sumatrip- 
tan is a highly selective agonist of the D subtype of 
5-HT, receptors located on peripheral trigeminal- 
nerve terminals that supply pain-sensitive vascular 
and meningeal structures. It has the same degree of 
affinity and selectivity for the subtype of 5-HT| recep- 
tors located on intracranial vessels, where it mediates 
contraction, particularly of large arteries. Local re- 
lease of peptides from sensory axons (involving an 
axon reflex) of the trigeminal-nerve supply to certain 
extracranial arteries, meningeal tissues, dural arteries, 
and the dural sinuses may cause sensitivity to pain 
(neurogenic inflammation) and promote local vasodil- 
atation during a migraine attack:^^ Calcitonin-gene- 
related peptide is released into jugular venous blood 
during a migraine attack," and this release is blocked 
by sumatriptan.^. Acting presynaptically, sumatrip- 
tan blocks the neuropeptide-mediated inflammatory 
response after trigeminal stimulation and may also 
block transmission in trigeminal neurons.^ The direct 
vasoconstrictive action of sumatriptan may also alle- 
viate headache.^^ 

Ergotamine and dihydroergotamine have similar 
actions, and both have high affinity but less selectivity 
for 5-HT, receptors.^^*^** Dihydroergotamine is a po- 
tent venoconstrictor , and it also has arrerial-vasocon-^— 
strictor effects,^® which may alleviate headache. 

Dopamine Antagonists 

Three dopamine-antagonist drugs have been used 
for the emergency treatment of severe, intractable mi- 
graine attacks. In one trial, migraine was relieved in 
67 percent of patients given a 10-mg intravenous dose 
of metoclopramide, a nonphenothiazine central dopa- 
mine antagonist, as compared with 19 percent of those 
given placebo.^^ In other trials, chlorpromazine, given 
in three intravenous injections of 0.1 mg per kilogram 
of body weiglu 15 minutes apart, was more effective 
than meperidine in combination with dimenhydrin- 
ate,^ and prochlorperazine, given in a dose of 10 mg 
intravenously, was superior to placebo. All three 
drugs ofler an alternative to narcotic analgesic drugs 
and to the more specific antimigraine drugs. Indeed, 
in a single-blind, randomized trial, chlorpromazine 
was superior to dihydroergotamine when each was 
given intravenously.^ The side effects of the three . 
drugs, in addition to dystonia and tardive dyskinesia 
(Table 1), are drowsiness, nausea, vomiting, dizzi- 
ness, and hypotension, all of which arc infrequent. 
The mechanism by which these dopamine-antagonist 



drugs relieve headache remains to be determined; ad- 
renergic blockade, anti-5-HT activity, antiemetic ac- 
tion, and modulation of pain systems have all been 
hypothesized.^^'^^'^ 

Choice of Symptomatic Treatment 

Since judgment may be impaired during prolonged, 
severe attacks of migraine, the patient may be un- 
certain about the type of drug used or the amount 
taken earlier. For this reason, family or friends should 
be instructed in the use of medications for acute 
migraine. A simple analgesic or nonsteroidal anti- 
inflammatory drug is appropriate for mild-to-moder- 
ate attacks, and ergotamine or sumatriptan for moder- 
ate-to-severe attacks. Prescription costs should be 
taken into account. Because the cost of sumatriptan is 
high, its use shpuld be reserved for cases in which 
other medications have been ineffective or have had 
intolerable side effects. Attacks that are severe, pro- 
longed, and unresponsive to self-administered medica- 
tion may be treated in the clinic or emergency room. 
Patients with these types of attacks should be treated 
with dihydroergotamine given intravenously or in- 
tramuscularly or with sumatriptan given subcutane- 
ously. If these treatments fail, metoclopramide,. pro- 
chlorperazine, or chlorpromazine can be used. Acute 
attacks may be so frequent and the patient's pain so 
severe and continuous that hospitalization is required. 
In these cases, dihydroergotamine given intravenously 
for three to four days, discontinuation of all other 
drugs, and administration of intravenous fluids may 
prove effective.^* 

Prevention of Migraine 

Preventive treatment should be considered only 
when attacks of migraine occur more than two or 
-thi^e-tirnes-a-montli7-the-attacks-are-severe-an^-Hmit~ 
normal activity, the patient is unable to cope with the 
attacks, symptomatic therapies have failed or had seri- 
ous side effects, and attempts at nonpharmacologic 
prevention have failed. Several points should be con- 
sidered before preventive therapy is initiated. Some 
form of contraception (preferably barrier rather than 
oral contraception, since the latter may trigger head- 
aches) should be advised for women of childbearing 
age. Other medications, especially vasodilators, may 
also trigger headaches and should be discontinued, if 
possible. Patients who take large amounts of medica- 
tions to treat headaches may not respond to preventive 
medication because the drugs compete for mono- 
amine-receptor sites.^^ Therefore, the former medica- 
tions should be discontinued. Drug costs should al- 
ways be considered, because prolonged treatment may 
be required. 

Each medication should be given for an adeqHiate 
time to judge its effectiveness. For patients with fre- 
quent migraine, this period is usually two to three 
months. The lowest dose should be given at the outset 
and then, increased in such a way that no more than 
three increments will be needed to achieve the maxi- 
mal dose. Preventive medication is usually continued 
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for six months or longer and gradually withdrawn 
after the frequency of headaches diminishes. 

5-HT-lnfluencing Drugs 

The 5-HT-influencing drugs that are most eflTective 
for preventing migraine are methysergide and ami- 
trip tyline^^-^^ (Table 2). Phenelzine had only a moder- 
ate efTect in one trial.^' There are two other drugs of 
this type: pizotyline and cyproheptadine. The former 
is not available in the United States, and the latter has 
never been studied in a controlled trial. Methysergide 
is more effective than amitriptyline" but is not used 
much in the United States because it can cause retro- 
peritoneal, cardiac valvular, and pleural fibrosis. In 
other countries, however, the drug is used more widely 
and has proved to be safe if it is given in the recom- 
mended doses and if treatment is interrupted periodi- 
cally. Methysergide is contraindicated in patients with 
vascular disease because of its vasoconstrictor action. 

Amitriptyline is very useful for preventing migraine, 
especially in patients who also have depression or ten- 
sion headaches, although its beneficial effect in mi- 
graine is independent of its antidepressant activity.^ 
In a double-blind trial amitriptyline was superior to 
placebo.**^ 

Methysergide and amitriptyline may prevent mi- 
graine by blocking S-HTj receptors on cerebral vessels 



and central neurons.^^ Amitriptyline also suppresses 
neuronal activity in brain-stem raphe nuclei,^ 

Beta-Adrenergic Antagonists 

Numerous clinical triak have shown that beta- 
adrenergic-antagonist drugs are effective in prevent- 
ing migraine (Table 2).«^" They should be considered 
the treatment of choice for this purpose, especially in 
patients whose attacks of migraine are related to 
stress. These drugs, however, are effective in no more 
than 65 percent of padents. Their side effects, report- 
ed in up to 29 percent of patients in these trials, are 
listed in Table 2. Beta-adrenergic-antagonist drugs 
are contraindicated in patients with bronchospasm, 
congestive heart failure, cardiac arrhythmias, or a his- 
tory of depression. No particular drug of this type is 
superior to the others, nor are long-acting prepara- 
tions superior to standard preparations. 

The mechanism of action of beta-adrenergic antag- 
onists is not understood.®* There is no correlation 
between the efiicacy of these drugs and their entry 
into the central nervous system, membrane-stabilizing 
properties, ability to block 5-HT receptors, or beta- 
receptor selectivity. Beta-receptor antagonists with 
partial agonist activity are ineffective against mi- 
graine. Those that are effective increase peripheral 
vascular resistance, but it is difficult to explain their 



Table 2. Drugs Used to Prevent Migraine.* 



Type op Dkuc 

5-HT-influencing 

Methysergide 

Amitriptyline 



Phenelzine 

P-Adrenergic antagonist 
IVopranolol 



Propranolol (long-acting) 
' Metoprolol 
' Atenolol 

Timolol 
Nadolol 

Calcium-channel blocker 

Nifedipine 

Nimodipine 



Verapamil 

NSAID 
Ketoprofen 
Tolfenamic acid 
Mefenamic acid 
Naproxen sodium 
Aspirin 

Miscellaneous 
Valptxjic aeid 



Daily Oral 
Dosage (mg) 



2-8 
10-150 



15-75 



40-320 



ReFCRENces 



Lance et al..*^ Drummond" 
Couch ct al." ** 



Anthony and Lance*' 



_Wcbcr.and.Reinnuah,5iWidcroe- 
and Vigandcr** 
60-320 Kuritzky and Hcring^ 

200 Kangasniemi ct aL" 

40-100 Siensrud and SJaastad.^ 
Johansson'^ 
20 Hakkarainen and Kangasniemi^^ 
80-240 Ryan ef al." 



30 Albcrs ct al.,'* McArthur et al." 

120 Gclmers,'* Havanka-Kanniaincn 

ct al..'* Meyer and Harden- 
bcig,"* Stcwait et al.*' 
280-320 Solomon ct at. /- Marklcy et 
aI.."Markley" 

150 Sicnsnid and Sjaastad"' 

300 Mikkelsen and Fa\k^ 

500-1500 Johnson ctaL" 

1100 Welch etal.<< 

1300 Masclet.al.,?*Buring.et.al.*» 



800-1000 Sorensch,*' Hcring and 
Kuiitzky?^ 



Effectivc- 

NESSt 



+ + 



+ + 
+ + 

+ + 



7 
+ 

+ + 
+ 



Imfortant Side Effects 



Muscle cramps, insomnia, tissue fibrosis 
Weight gain, drowsiness, dry mouth, blurred 
vision, cardiac arrhythmias, urinary reten- 
tion, muscle cramps 
Weight gain, hypertensive crisis 



atigue,^ nausea, depression, bradycardia, 
hypotension, bronchospasm 
Weight gain, violent dreams, paresthesia 
Same as for propranolol 
Same as for propranolol 

Same as for propranolol 
Same as for propranolol 



Headache, tachycardia, depression 
Headache, tachycardia, weight gain, constipa- 
tion, depression 

Headache, bradycardia, weight gain, con- 
stipation, depression 

Dyspepsia, gastritis, Gl bleeding, diarrhea 
Same as for ketoprofen 
Same as for ketoprofen 
Same as for ketoprofen, plus fluid retention- 
Dyspepsia, gastritis. Gl bleeding 

Hair. loss, weight gain, hepatic dysfunction, 
' neural-tube defect 



^NSAIO deiuMcs nonsteroidal antitiUUmmitory drag, and Gl gastruintestiruil. 
tForefTccUveiKSS. ++ denotes niosi effective, ? uncertain. + effeciive, and a ineffective. 
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beneficial effect on the basis of a peripheral vascular 
mechanism. Central effects on cortical and subcortical 
pathways are probably more important.**" 

Calcium-Channel-Blocklng Drugs 

Despite initial enthusiasm for the use of calcium- 
channel-blocking drugs to prevent migraine, their ef- 
lect has been unimpressive. Nifedipine was beneficial 
in one clinical trial but not in another.'* " There have 
been several trials of nimodipine. In one, nimodipine 
resulted in a 66 percent reduction of a "weighted mi- 
graine index" (based on the frequency, duration, and 
seventy of attacks), as compared with a 19 percent 
reduction for the placebo group.'" Mild-to-moderate 
attacks were not taken into account, frequency was not 
reported, and a high dropout rate due to treatment 
failure was not included in the analysis. In another 
study, the number of patients was small, and the 
benefit of nimodipine as compared with placebo was 
an unimpressive reduction in the frequency and sever- 
ity of attacks of 25 percent and 28 percent, respective- 
ly. A third study, in which two doses of nimodipine 
were compared, had methodologic flaws, included pa- 
tients with cluster headache, and used base-line com- 
parisons for effectiveness.^' A more recent controlled 
study claiming a benefit for nimodipine had similar 
flaws, yerapamil has been evaluated -in two cross- 
over tnals.«*« In each, the number of patients was 
small and the dropout rate was high, and neither trial 
provided substantial evidence of benefit, although 
both claimed it. Other, larger studies of verapamil" 
were not randomized or open in design and were poor- 
ly controlled, making the results unconvincing. An- 
other drug of this type, flunarizine, has been used in 
fcurope but is not available in the United States. 

In general, the calcium-channel-blocking drugs 
miay decrease the frequency of attacks but have little 
effect on the iiLseverity.-lMnay-take-weeks- to months 



before an effect is noted, which reduces patient com- 

S't?*" o ^ '''^^"^^ "^^^^^ ^^^^^ ^'■"SS a« listed in 
lablc 2 Their vasodilatory action sometimes causes 
severe headache that is indistinguishable from mi- 
graine. 

The rationale for the use of calcium-channel 
blockers to prevent migraine remains to be deter- 
mined. Calcium regulates vascular smooth-muscle 
contraction, neurotransmitter release, and neuronal 
receptor function. Calcium-channel blockade may 
prevent vasoconstriction and 5^HT release, alter slow 
potential shifts in the central nervous system, and pre- 
vent spreading depression, all of which have been pro- 
posed as mechanisms of migraine.^ 

Nonsteroidal Antiinflammatory Drugs 

Nonsteroidal antiinflammatory drugs have been 
used for preventive therapy in satisfactorily controlled 
inals, although some early studies were flawed 
oi^saTw^^Tf '•'■"es are listed in Table 
• Tolfenamic acid and naproxen were effec- 
tive in double-blind, placebo-controlled, crossover tri- 



als. In the trial of naproxen, up to 52 percent of the 
patients receiving the drug had no severe headaches 
as compared with 19 percent of those given phcebo! 
1 he seventy and duration of headaches, the frequency 
of nausea and vomiting, and the use of analgesic 
medication were aU reduced in the treatment group 
Naproxen was also effective in patients with men- 
stnially related migraine, a condition that is refractory 
to most therapeutic regimens.'^ Aspirin is also effec- 
tive in preventing migraine." The adverse effects of 
nonsteroidal antiinflammatory drugs are listed in Ta- 
ble 2, Prolonged prophylaxis with these drugs should 
be avoided because of the possibility of gastrointes- 
tinal ulceration and bleeding. The relative effective- 
ness of the vanous classes of nonsteroidal antiinflam- 
matory drags has not been studied, but it is reasonable 
to switch to another class if the firet has proved inef- 
fective. 

The mechanisms through which nonsteroidal anti- 
inflammatory drugs prevent migraine remain to be 
determined. They may act by inhibiting prostaglandin 
synthesis and the initiation of neurogenic inflamma- 
tion m the tngeminovascular system.« There is no 
association between the degree of platelet inhibition 
and prophylactic efficacy." Nonsteroidal antiinflam- 
matory drugs may also influence central 5-HT neuro- 
transmission.** 

Miscellaneous Drugs 

Valproic acid was first introduced as preventive 
therapy for migraine in an open study of 18 patients 
17 of whom reported a benefit from the drug.*' In a 
small clinical trial, valproate sodium (800 mg daily V 
was only moderately effective in preventing migraine 
and reduang the frequency, severity, and duration of 
severe attack, as compared with placebo.^ The side 
effects of valprQic-acid-arc4isted-4n-Table-2— An-iir~^ 



^ — _ — III lauic A. nn in- 
creased incidence of neural-tube defects in infants 
born to mothers taking valproate limits its use in wom- 
en of childbearing age. The mechanism of action of 
valproic acid is not known, but its use is based on the 
hypothesis that it inhibits the central neuronal hyper- 
excitability associated with migraine'" — a relation 
that also remains to be determined. 

Several drugs used to prevent migraine in the 
past have not been studied adequately and therefore 
have no place in management now. These include re- 
serpine, trazodone, clonidine, lithium carbonate di- 
pyridamole, antihistamines, phenytoin, and carba- 
mazcpine. 

Hormonal Therapy 

Menstrual migraine, defined as an attack occun-ing 
in association with menses, is frequently refractory to 
treatment. Women with menstrual migraine may 
benefit from preventive treatment — for example, pro- 
pranolol or amitriptyline — limited to the time of their 
menses or, if they are already receiving prophylactic 
treatment, from an increased dose at this time. The 
use of percutaneous estradiol gel, applied just before 



1482 



THE NEW ENGLAND JOURNAL OF MEDICINE 



Nov. 11, 1993 



and throughout menses, has reduced the frequency of 
headache in controlled trials. vVomen already 
taking an oral contraceptive who continue taking it 
throughout the menstrual cycle may also have fewer 
* attacks.'**^ 

For women already taking estrogen who have fre- 
quent migraine attacks, it may be beneficial either 
to stop or to increase the hormones J*^^ Danazol, an 
androgen derivative that inhibits pituitary-ovarian 
function; tamoxifen, an antiestrogen; and bromocrip- 
tine, a dopamine-receptor agonist and an inhibitor of 
prolactin release, have all been reported effective in 
preventing migraine attacks.*^ '^ Since none of these 
drugs have been studied in clinical trials.v however, 
they cannot be recommended for general use. 

The ways in which ovarian hormones influence mi- 
graine remain to be determined, but an abrupt de- 
crease in serum estrogen concentrations before the on- 
set of an attack appears to be a critical factor. The 
low-dose estrogen formulations now used as oral con- 
traceptives are associated with a haphazard occur- 
rence of attacks during the cycle, probably because of 
fluctuating serum estrogen concentrations. Treatment 
strategies are therefore aimed at preventing either a 
decrease or a substantial fluctuation in scrum estrogen 
levels. 

Conclusion 
Many drugs of varied action have been used in the 
treatment and. prevention of migraine attacks, largely 
because the cause (or causes) and pathophysiology of 
the disorder are not known. Nevertheless, there has 
been progress. For example, sumatriptan was devel- 
oped specifically as an antimigraine drug on the as- 
sumption that 5-HT, receptors on the cranial vascula- 
ture play a critical part in the mechanisms of a 
migraine attack. The drug clearly works, suggesting 
that even more specific 5-H T-receptor agonis ts cail. 
-be^devctepedTTVirimproved'knowledge of the mecha- 
nisms of an attack should also help clarify the phar- 
macologic properties required by any new drugs de- 
veloped to be more specifically preventive. 



10 



References 



1 



Headache Classification Commtttce of the Incemalionai Headache Society. 
Oassification and diagnostic criteria for headache disoiders, cranial neu- 
ralgias and facial pain. Cephalalgia l988;8:Suppl 7:1-96. 

2. Olescn J, Larsen B, Lauritzcn M. Focal hyperemia followed by spreading 
oligemia and impaired activation of iCBF in classic migraine. Ann Neurol 
1981;9:344-52. 

3. Barklcy GL, Teplcy N. Simkins RT. Moran JE, Welch KMA. Neuromag- 
netic fields in migraine: preliminary findings. Cephalalgia 1990; 10: 171- 
6. 

4. Uao AAP. Spreading depression of activity in cerebral cortex. J Neuio- 

physiol 1944;7:359-90. 

Skyh0j-Olsen T. Fribcrg L, Lassen NA. Ischemia may be the prinuuy 
cause of the neurologic deficits in classic migraine. Arch Neurol I987;44: 
1 56-6 1 . 

Moskowitz MA. The neurobiology of vascular head pain. Ann Neurol 
1984:16:157-68. 

Weldi KMA. Migraine: a biobehavioral disorder. Arch Neurol t987;44: 

Gauthier J. Bois R, Allaire D. Drolet M. Evaluation of skin temperature 
W^I9**"*"^ at <wo different sites for migraine. J Behav Med 

Imemational Headache Society Committee on Clinical Trials in Migraine 
Guidelines for controlled trials of drugs in migraine: first edition. Ccohalall 
gia I99I;1I:M2. 



5. 



8. 



TfeU-Hanscn P. Olescn J. Effervcscem mfctoctopramide and aspirin (Mi- 
gravess) versus effeivescent aspirin or placebo for migraine attacks* a 
double-blind study. Cephalalgia 1984;4:107-1 1 ' 
Peajficld RC, PcUy RG. Rose FC. Double blind comparison of mefenamic 
U9 M (paracetamol) in migraine. Cephalalgia 1983;3: 

Hakkaraincn H, Gustafsson B, Stockman O. A comparative trial of crgota- 
mine tartrate, acetysalicylic acid and a dextropropoxyphene compound in 
acute migraine attacks. Headache 1978;18:35-9. 
Somerville BW. Treatment of migraine attacks with an analgesic combina- 
Uon (Mersyndol). Med J Aust 1976;1:865-6. 

Hakkaraincn H. Quiding H. Stockman O. Mild analgesics as an alternative 
to crgotamine in migraine: a comparative trial with aceiylsalicylic acid 
^m^^Tg^^^* dextropropoxyphene compound! J aih Pharmacol 

Johnson ES, Raicliffc DM. Wilkinson M. Naproxen sodium in the treat- 
ment of migraine. Cephalalgia 1985;5:5-10. 

Pradalier A. Rancurel G, Dordain S. Verdure L. Rascol A. Dry J. Acute 
migraine attack therapy: comparison of naproxen sodium and an crgota- 
mine tartrate compound. Cephalalgia 1 985;5: 107- 1 3. 
Nestvold K, Kloster R. Partinen M. Sulkava R. Treatment of acute 
™|™nc attack: naproxen and placebo compared. C^alalgia I985;5: 

Larsen BH. Christiansen LV. Andersen B, Oleson J. Randomized double- 
blind comparison of tolfenamic acid and paracetamol m migraine. Acu 
Neurol Scand 1990;81:464-7. 

Carasso RL/Peled O, Yehuda S. Flufenamtc acid in pn>stafflandin mi- 
graine, Int J Neurosci 1985;27:67-71 . 

Awidi AS. Efficacy of flurt>iprofen in the treatment of acute ihi- 
graine attacks: a double-blind cross-over study. Cuit Ther Res I982;32: 
492-7. 

Karachalios GN. Fotiadou A. Chrisikos N, Karabetsos A. Kcbagioglou K. 
Treatment of acute migraine attack with diclofenac sodium: a double-blind 
study. Headache 199232:98-100. 

Kloster R. Nestvold K. Vilming ST. A double-blind study of ibuprofen 
l^*? ^ treatment of acute migraine attacks. Cephalalgia 
1992;12:169-71. 

Klappcr JA, Stanton JS. Ketorolac versus DHE and metoclopramide in the 
treatment of migraine headaches. Headache 1991,31:523-4. 
Sclby G. Lance JW. Obscrvaliohs on 500 cases of migraine and allied 
vascular headache, J Neurol Ncurosurg Psychiatry 1960;23:23-32. 
Schmidt R. Fanchamps A. Effect of caffeine on intestinal absorption of 
ergotamine in man. Eur J Clin Pharmacol 1974;7:213-6. 
Hakkarainei) H. Allonen H. Ergotamine vs. metoclopramide vs. their com- 
binatton in acute migraine attacks. Headache 1982;22:10-2. 
Callaham M, Raskin N. A controlled study of dihydrocrgoiamirie in the 
treatment of acute migraine headache. Headache 1986;26:168-71. 
Saadah HA. Abortive headache therapy in the office with intravenous 
dihydrocrgotamine in the treatment of acute migraine headache. Headache 
l992i32:143-6. 

Belgrade MJ, L ing U. Schieevogt MB. Ettinffpr-MryP^ttrfg-f^nmpariion 

Tit singie-dose meperidine, buioT>hanol, and dihydrocrgotamine in the 
treatment of vascular headache. Neurology 198939:590-2. 
Subcutaneous Sumatriptan International Study Group. Treatment of mi- 
graine attacks with sumatriptan. N Engl J Med I991;325:316-2L 
3 1 . Sumatriptan Auio-Injecior Study Group. Self-treatment of acute migraine 
with subcutaneous sumatriptim using an auto-injector device. Eur Neurol 
1991;31:323-31, 

Cady RK, Wendl JK. Kirchner JR, Sargent JD. Rothivtck JR. Skaggs H Jr. 
Treatment of acute migraine with subcutaneous sumatriptan. JAMA 
l99l;26S:283l-5. 

Oral Sumatriptan International Multiple-Dose Study Group. Evaluation of 
a muttiple^ose regimen of oral sunratriptan for the acute treatment of 
migraine. Eur Neurol 1991 ;3 1:306-13. 

Anderson BA. Optimizing the dosage regimen for oral sumatriptan — 
clinical results. In: Cliffonl-Rosc F. ed. New advances in headache re- 
search. Vol. 3. lA)ndon: Smith Gordon (in press). 
Multinational Oral Sumatriptan and Cafcrgot Comparative Study Group. A 
randomized, double-blind comparison of sumatriptan and Cafcrgot in the 
acute treatment of migraine. Eur Neurol 1991;31:314-22. 
Oral Sumatriptan and Aspf^in plus Metoclopramide Comparative Study 
Group. A study to compare oral sumatriptan with oral aspirin plus oral 
metoclopramide in the acute treatment of migraine. Eur Ncuiol 1992-32* 
177-84. * * 

Tek DS, McClellan DS, Olshaker JS. Allen CL. Arthur DC. A prospec- 
tive, double-blind shidy of metoclopramide hydrochloride for the control 
of migraine in the emergency department. Ann Emcig Med 1990; 19: 1083- 

Unc PL, McUllan BA, Baggoley CJ. Comparative efficacy of chlorpro- 
mazine and meperidine with dimcnhydrinate in migraine headache Ann 
Emerg Med 1989;18:360-5. 

Jones S. Sklar D. Dougherty J, White W. Randomized double-blind trial of 
intravenous prochlorperazine for the treatment of acute headache JAMA 
1989;261:1174-6. 



II 



12 



15 



16. 



17. 



19. 



20. 



21. 



22. 



23- 



24. 



25. 



26. 



27. 



28. 



29. 



30. 



32 



33. 



34 



35. 



36 



37. 



38 



39. 



Vol. 329 No. 20 



DRUG THERAPY — WELCH 



1483 



41. 



42. 



43 



44. 



45 



46. 



49. 



50 



40. Rapoport A, Weeks R, ShefteU F. ci al. Analgesic rebound headache: 
Iheofcticat and practical impiicatjons. Cephalalgia 198S;5:Suppl 3:44^-9. 
Noda S, Umezaki H, Fukuda Y. Response of conunon migraine and cluster 
headache attacks to intravenous injection of aspirin. Neurol Med 1984:21: 

333-4. 

Buzzi MO. Sakas DE, Moskowitz MA. Indomethacin and acetylsalicylic 
acid block neurogenic plasma protein extravasation in rat dura mater. Eur J 
Pharmacol 1989;65:251-8. 

Bennett A. Prostaglandins: their release, biological effects and relation- 
ships to pain and inflammation. Cephalalgia 1986;6:Suppl 4:17-20. 
Pradalier A. Vincent D. Migraine ct anti-inflanunatoires non-sCeroidiens. 
P&thol Biol (Paris) 1992;40:397-405. 

Taiuey MJB. The long term safety of sumatriptan. In: aiffoid-Rose F, ed. 
New advances In headache researeh. Vol. 3. London: Smith Goidon (in 
press). 

Dechant KL, Clissold SP. Sumatriptan: a review of its pharmacodynamic 
and pharmacokinetic properties, and therapeutic efficacy in the acute treat- 
ment of migraine and cluster headache. Dnigs 1992;43:776-98. 
Strieker BHC. Coronaiy vasospasm and sumatriptan. BMJ t992;305:l 18. 
Abrahamsen B. Christiansen BD. Angina pectoris after sumatriptan (Imi- 
gran). Ugeskr Lacgcr 1992;154:3602-3. 

Curtin T. Brooks AP. Roberts JA. Oudlofespiraiory distress after suma- 
triptan given by injection. BMJ 1992*305:713-4. 
Willett F. CuTZcn N, Adams J, Amiitage M. Coronary vasospasm induced 
by subcutaneous sumatriptan. BMJ 1992;304:14I5. 

51. Ottervanger JP, Paalman HJA, Boxma GL, Strieker BHC. Transmural 
myocardial infarction after sumatripun. Lancet 1993;341:861-2. 

52. Chester AH, Martin GR, Bodelsson M, et al. 5-Hydroxytryptamine recep- 
tor profile in healthy and diseased human epicaidial coronary arteries 
Cardiovasc Res 1990;24:932-7. 

Maclntyre PD, Bhaigava B. Hogg KJ. Gcromill JD, Hillis WS. Effect of 
subcutaneous sumatriptan, a selective 5HT|, agonist, on the systemic, 
pulmonary, and coronaiy circulation. Circulation 1993;87:401-5. 
Uoyd DK, Pilgrim AJ, Simmons VE. Coronary vasospasm and sumatrip- 
tan. BMJ 1992;305:310-1. 

Saxena PR, Ferrari MD. From serotonin receptor classification to the anti- 
migraine drug sumatriptan. Cephalalgia 1992;2:187-96. 
Moskowiu MA, Buzzi MG, Neuroeffector functions of sensory fibers: 
implications for headache mechanisms and drug actions. J Neurol 
199l;238:SuppI 1:S18-S22. 

Goadsbjr PJ, Edvinsson L, Ekman R. Release of vasoactive peptides in the 
extracerebriil circulation of humans and the cat during activation of the 
trigeminovascular system. Ann Neurol 1988;23:193-6. 
Goadsby PJ, Edvinsson L. Sumatriptan reverses the changes in cakitonin 
gene-related peptide seen in the headache phase of migraine. Cephalalgia 
1991;! l:SuppI 11:3-4. 

Spicrings ELH, Saxena PR. Antimigraine drugs and cranial aneriovenous 
shunting in the cat. Neurology 1980;3p:696-701. 
Bell R. Montoya O, Shuaib A. Lee MA. A comparative trial of three 
agents in the treatment of acute migraine headache. Ann Emet^ Med 
1990;19:1079-82. 

Raskin NH. Repetitive intravcnous dihydrpergnt flmine m il i wapy ftg-iii: — 



53. 



54 



55. 



56. 



57. 



58. 



59. 



60. 



61 



63. 
64. 



65. 



67. 



68. 



70. 



71 



75, 
76. 
77. 

78. 
79. 
80. 

81. 

82. 

83. 
84. 
85. 

86. 

87. 

88. 
89. 

90. 
91. 
92. 

93. 
94. 
95. 



Ryan RE Sr, Ryan RE Jr, Sudilovsky A. Nadolol: its use in the piophylac. 
tic treatment of migraine. Headache 1983;23:26-31. 
Alben GW. Simon LT. Hamik A, Perouika SJ. Nifedipine versus propran- 
olol for the initial prophylaxis in migraine. Headache 1989;29:215-8. 
McAithur JC, Marek K, Pestronk A, McAithur J, Peioutka SJ. Nifedipine 
in the prophylaxis of classic migraine: a crossover, double-masked, pla- 
cebo<ontrolled study of headache frequency and side effects. Neurolosy 
198939:284-6. *^ 
Gelmcrs HJ. Nimodipine. a new calcium antagonist, in the prophylactic 
treatment of migraine. Headache 1983;23: 106-9. 
Havanka-Kanniainen H, Hokkanen E, Myllyla VV. Efficacy of nimodi- 
pine in the prophylaxis of migraine. Cephalalgia 1985;5:39-43, 
Meyer JS, Hardcnbetg J. Qinical eflTcctiveness of calcium entry blockers 
in prophylactic treatment of migraine and cluster headaches. Headache 
198303:266-77. 

Stewart DJ, Gelston A, Hakim A. Effect of prophylactic administration of 
nimodipine in patients with migraine. Headache 1988;28:260-2. 
Solomon CD, Steel JG. Spaccavento U. Verapamil piophytaxis of 
migraine: a double-blind, placebo-controlled study. JAMA 1983:250* 
2500-2. ' 
Maricley HG. Cheronis JCD. Piepho RW. Verapamil in prophylactic thera- 
py of migraine. Neurology 1984;34:973-6. 

Maricley HG. Verapamil and migraine prophylaxis: mechanisms and effi- 
cacy. Am J Med 1991;90:Suppl 5A-5A-48S-5A-53S. 
Stensrud P. Sjaastad O. ainical trial of a new anti-bradykinin, anti-inflam- 
matory drug, ketoprofen (19.583 r.p.) in migraine prophylaxis. Headache 
1974;14:96-100. 

Mikkclscn BM, Falk JV. Prophylactic treatment of migraine and tolfena- 
mic acid: a comparative double-blind crossover study between tolfenamic 
acid and placebo. Acta Neurol Scand 1982;66:105-11. 
Johnson RH, Homabrook RW, Lambic DG, Comparison of mcfcnamic 
acid and propranolol with placebo in migraine prophylaxis. Acta Neurol 
Scand 1986;73:490-2. 

Welch KMA, Ellis DJ, Keenan PA. Successful migraine prophylaxis with 
naproxen sodium. Neurology 1985;35:1304-10, 

MascI BE, Chcsson AL, Alpcrin JB. Uvin HS, Peters BH. Qinical trial of 
platelet inhibition, using aspirin and dipyridamole in migraine prophylaxis 
Neurology 1978;28:371. abstract. 

Buring JE, Peto R, Hennckens CH. Low-dose aspirin for migraine prophy- 
laxis. JAMA 1990;264:1711-3. 

Sorcnsen KV. Valproate: a new drug in migraine prophylaxis. Acta Neurol 
Scand 1988;78:346-8. 

Hering R, Kuritzky A. Sodium valproate in the prophylactic treatment 
of migraine: a double-blind study versus placebo. Cephalalgia 1992; 12:81- 
4. 

Peroutka SJ. Developments in 5-hydroxytryptamine receptor pharmacol- 
ogy in migraine. Neurol Clin 1990;8:829-39. 

Mylecharane EJ. 5-HT2 receptor antagonists and migraine therapy. 
J Neurol l99l;238:Suppl l:S45-S52. 

Shanks RG. Mechanisms of action of beta-adrenoceptor antagonists in 



tractable migraine. Neurology 1986;36:995-7. 96. 
62. B^sbaum Al, Fields HL. Endogenous pain control systems: brainstem 
spinal pathways and endorphin circuitry. Annu Rev Neurosci I984;7:309- 

' 97. 

Lance JW, Curran DA, Anthony M. Investigations into the mechanism and 
treatment of chronic headache. Med J Aust 1965;2:909-14. 
Drununond PD. Effectiveness of methyserBide in relation to clinical fea- 98. 
tures of migraine. Headache 1985;25:I45^. 

Couch JR, Hassanetn RS. Amitriptytine in migraine prophylaxis. Arch 99 
Neurol 1979;36:695-9, 
66. Couch JR. Ziegler DK, Hassanein RS. Evaluation of the relationship be- 
tween migraine headache and depression. Headache 1975;15:41-50. 100. 
Anthony M, Lance JW. Monoamine. oxidase inhibition in the treatment of 
migraine. Arch Neurol 1969:21:263-8, 

Weber RB, Reinmuth CM. The treatment of migraine with propranolol. 101 
Neurology 1972;22:366-9. 
69. Wideroe TE. Vigandcr T. Propranolol in the treatment of migraine. BMJ 

1974;2:699-701. ^ IO2. 
Kuritzky A. Hering R.'Prophylactic trcatmcm of migraine with long acting 
propranolol — a comparison with placebo. Cephalalgia t987;7:Suppl 
6:457-8. abstract. 103 
Kangasniemi P. Andersen AR, Andersson PC, et al. Classic migraine: 
effective prophylaxis with metoprolol. Cephalalgia 1987;7:Suppl 6:464. 104. 
abstract. 

72. Stensnid P. Sjaastad O. Comparative trial of Tenormin (atenolol) and 105. 
Inderal (propranolol) in migraine. Headache I980,20:204-=7. 

73. Johansson V. Atenolol in migraine prophylaxis: a double-blind crossover 106. 
multicenter study. Headache 1987;27:372-4. 

74. Hakkarainen H, Kangasniemi P. Timolol malcaic in the prophylactic treat- 
ment of classic and common migraine. In: Proceedings of the Timolol 107. 
Intercontinental Symposium. Stockholm, October 27-28, 1981. New 

York: Biomedical Information Corp., 1982:433-44. 



— ^. .>.«».• .wv^inwi «M>i«>gu«iiata 111 

^graine^:XarroUJD,-Pfrffcnrath-V-Sjaastad-Orea^^ 
beta-blockade, Maindal^, Sweden: A,B. HSssle, 1985:45-54, 
Schoenen J, Timsit-Bcrthier M, Timsit M. Conflations between comin- 
gent negative variation and plasma levels of catecholamines in headache 
patients. Cephalalgia t985;5:Suppl 3:480. abstract. 
Schoenen J, Maertens de HoonOunit A. Timsit-Bcrthier M. Timsit M. 
Cbntingent negative variation and efficacy of beta-blocking agents in mi- 
graine. C^halalgta 1986;6:229-33. 

Greenberg DA. Calcium channel antagonists and the treatment of mi- 
graine. Clin Neuropharmacol 1 986;9:3 1 1 -28 . , 
Sargent J, Solbach P, Damasio H, et al. A comparison of naproxen sodium 
to propranolol hydrochloride and a placebo control for the prophylaxis of 
migraine headache. Headache 1985;25:320-4. 

Welch KMA. D* Andrea G. Teptey N, Barkley G, Ramadan NM. The 
concept of migraine as a state of central neuronal hyperexcitability. Neurol 
ain 1990;8:817-28. 

de Ugnito B, Vincent M, Mauvais-Jarvis P. Mas JL, Touboul PJ, 
Bousser MO. Prevention of menstrual migraine by iieicutaneous oesira* 
diol. BM.' 1986,293:1540. 

Dennerstein L, Morse C, Burrows G. Oats J, Brown J, Smith M, Menstni- 
al migraine: a double-blind trial of percutaneous estradiol. Gynecol Endo- 
crinol 1988;2:113-20. 

Welch KMA, Darnley D, Simkins RT. The role of estrogen in migraine: a 
review and hypothesis. Ophalaigia 1984;4:227-36. 
Sarno AP Jr, Miller EJ Jr. Lundblad EG. Premenstrual syndrome: benefi- 
cial effects of periodic. k>w-dose danazol, Obsiet Gynecol 1987:70:33-6. 
Powles TJ. Prevention of migrainous headaches by tamoxifen. Lancet 
1986.2:1344. 

Andersen AN. Larsen JF. Steensirup OR, Svendstrup B, Nielsen J. Effect 
of bromocriptine on the premensbiial syndrome: a double-blind clinical 
trial. Br J Obstet Gynaecol 1977;84:370-4. 

Somervillc BW. Estrogen-withdrawal migraine. L Duration of exposure 
required and anempted prophylaxis by premenstrual estrogen administra- 
tion. Neurology 1975;25:239-44. 



